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Abstract 

In the framework of U{3)l x U{3)ji chiral field theory, Dashen's theorem is reexamined, and 
the well-known result of — m^o obtained by Das, Guralnik, Mathur, Low, and Young is 
reproduced. We find that Dashen's theorem, which automatically holds for pseudoscalar mesons 
in this theory, can be generalized to the sector of axial- vector mesons, however, fails for the sector 
of vector mesons. 
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1 Introduction 



In the recent years, studies of electromagnetic masses of mesons, Dashen's theorem Q and its 
violation have attracted much attention ^, ^, ^, |^ 0, ^. Dashen's theorem, which states that 
the square electromagnetic mass differences between the charge pseudoscalar mesons and their 
corresponding neutral partners are equal in the chiral SU(3) limit, is expressed as follows, 

{ml± - mlo)EM = {'m]^± - ■m]^Q)EM, 

{mlo)EM = 0, imj^o)EM = 0. (1) 

The subscript EM denotes electromagnetic mass. There are three meson-octets 0~ (pseudoscalar 
mesons), 1~ (vector mesons), and 1"*" (axial- vector mesons) which belong to the same representation 
of SU (3) C C/(3), but have different spin or parity. Thus, a natural question aroused here is whether 
Dashen's theorem(which holds for pseudoscalar-octet mesons) could be generalized to the vector- 
octet and axial-vector-octet mesons or not. In this present paper, by employing U{3)l x U{3)r 
chiral theory ||9|, it will be shown that the generalization to axial- vector mesons is valid, or, in 
the chiral SU(3) limit, 

{ml± - mlo)EM = ("i-^± - m\o)EM, 

{mlo)EM = 0, (m^o)£;M = 0. (2) 

However, similar generalization fails for vector mesons. The latter is of the same conclusion as one 
given by Bijnens and Gosdzinsky [^]. 

U{3)l X U{3)r chiral theory of pseudoscalar, vector, and axial-vector mesons provides a unified 
description of meson physics in low energies. This theory has been extensively investigated in 
Refs.[P, |l^, 0, |l^, and its predictions are in good agreement with the experimental data. 
Vector meson dominance(VMD) [15| in the meson physics is a natural consequence of this theory 



instead of an input. This means that the dynamics of the electromagnetic interactions of mesons 
has been introduced and established naturally. Therefore, the present theory makes it possible 
to evaluate the electromagnetic self-energies of these low-lying mesons systematically. According 
to this pattern, for example, we can work out the well-known result of (m^± — m?o)EM given by 
Das et al |jl^(to see Sec. 2), which serves as leading order in our evaluations. This indicates that 
our pattern evaluating the electromagnetic self-energies of mesons is consistent with the known 
theories in the pion case under the lowest energies limit. Since the dynamics of mesons, including 
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pseudoscalar, vector and axial-vector, is described in the present theory, the method calculating 
EM-masses in this paper is legitimate not only for vr and K mesons, but also for ai, Ki, p and K* 
mesons. Thus, both checking the Dashen's argument of eq.(l) in the framework of the effective 
quantum fields theory and investigating its generalizations mentioned above become practical. 
The basic lagrangian of this chiral field theory is (hereafter we use the notations in Refs.|^, p!o[ ) 

C = 'tp{x){i^ • 9 + 7 • u + eoQ^ • A + 7 • 075 — mu{x))ip{x) 
+ ^ml{p'lPf,^ + uj^ujf, + a^a^i + /^/^) 

+ ^ml{(t>^r + f^fst.)+CEM (3) 

where u{x) = exp[i^^{Ti'Ki + XaK"- + r/ + ?7')](i=l,2,3 and a=4,5,6,7), = TiO^^ + XaKf^ + (| + 
TjAg)/^ + (| - ^Ag)/,;,, = Tip]^ + XaK*" + (| + 75 As)^^^ + (| - -^h)(pf,, is the photon field, 
Q is the electric charge operator of u, d and s quarks, ip is quark-fields, m is a parameter related to 
the quark condensate, and Cem is the kinetic lagrangian of photon fields. Here, the meson- fields are 
bound states of quarks, and they are not fundamental fields. The effective lagrangian for mesons is 
derived by performing path integration over quark fields. This treatment naturally leads to VMD. 
Following Refs.[^, the interaction lagrangians of neutral vector meson fields and photon fields 
read 

jp 

= -^d^Md^A^ - 5"^^)- (4) 
J<t> 

The direct couplings of photon to other mesons are constructed through the substitutions 



Jp Juj J(j) 



where 



111111 

Jp 2 /a; 6 3V2 
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g is a universal coupling constant in this theory. It can be determined by taking the experimental 
values of /tt, nip and ma as inputs 1^, 10, 0. Thus, all interaction lagrangians between mesons and 
photon(7), ,7, ■■■)\^=TT,a,v... are obtained. 

Using /^j(<l>,7, ..■)|$=7r,a,D,..., we can evaluate the following S-matrix 

5$ = ($|Texp[i j d^x£i($,7,...)] - l|$)|$=.,a,.,.... (7) 
On the other hand can also be expressed in terms of the effective lagrangian of $ as 

Noting C = ^df^^d^^ — ^m|,<I>^, then the electromagnetic interaction correction to the mass of $ 
reads 

where ($|$^|<I>) = (<I>| / Thus, all of virtual photon contributions to mass of the 

mesons can be calculated systematically. 

The paper is organized as follows. In Sec. 2, we shall reexamine Dashen's theorem for pseu- 
doscalar mesons in the framework of the present theory. In Sees. 3 and 4, the generalization of this 
theorem to axial-vector and vector mesons is studied respectively. Finally, we give the summary 
and conclusions. 



2 To reexamine Dashen's theorem in U{3)l x U{3)ji chiral theory 
of mesons 

Due to VMD(eq.(4)), the interaction lagrangians which contribute to electromagnetic mass of the 
mesons has to contain the neutral vector meson fields p^, iv and (j). When the calculations are of 
O(oem) and one-loop, there are two sorts of vertices contributing to electromagnetic self-energies 
of pseudoscalar mesons: four points vertices and three points vertices. The former must be the 
coupling of two pseudoscalar fields and two neutral vector mesons fields, and the latter must be 
the interaction of a pseudoscalar field to a neutral vector meson plus another field. 

Thus, from Refs.[^, the interaction lagrangians contributing to electromagnetic mass of 
pseudoscalar mesons (vr and K) via VMD in the chiral limit read 

4 1 

^pp- = + iT^d^pyp'n^^^-, (9) 
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where 



with 



C^K^K-v. = -^HpI + + ^^^^-^pI + (11) 

^K^K^. = ?f (^° + O^^c^r - ^5'^r) + h.c, (12) 



'1 

n2 



^KOKO.. = J^{(-/^M + <)' + 2^(-9'^pI + (13) 



9 ^ * 



(14) 



7 = (1 ^—Y^l'^. 

^ ^ 27rV 

where v denotes the neutral vector mesons p*^, lo and = cj^ — ^/2cf>^. /jr is pion's decay 

constant, and /^r = O.lSGGeF. Here, we neglect the contributions to electromagnetic mass of pions 
or kaons which are proportional to or mj^, because we are interested in the case of chiral limit. 

Note that there are no contributions to electromagnetic masses of 7r° in the chiral limit. This 
means 

(m^o)EM = 0, for massless quark. (16) 

It can be see from eqs.(9-14) that the kaon's lagrangian is different from pion's. All three 
neutral vector resonances p^^uj and ^ join kaon's dynamics there, but only joins pion's. In 
general, because of this difference the kaon's electromagnetic mass due to VMD must be different 
from the pion's. Taking a glance at this circumstance, it seems to be impossible to expect the 
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K^'s electromagnetic mass vanishes like eq.(16) for vr'^'s. Fortunately, however, after a careful 
consideration it will be shown below that K^^s electromagnetic mass does vanish in the chiral 
SU(3) limit in our formalism. The point is that in the chiral SU(3) limit, m„ = = = 
and rup = = rrifj,, the SU(3)-vector-meson symmetry and VMD make the total contribution to 
{m\-o)EM vanished. 

Let us show this point precisely now. The lagrangians contributing to electromagnetic masses of 
(eqs.(13)(14)) are different from K^''s (eqs.(ll)(12)). This difference is due to the structure con- 
stants of SU(3) group: 7345 = -/se? = |,/458 = kid. = In the i^^'s lagrangians, eqs.(13)(14), 
the neutral vector mesons emerge in combination forms: (— p° + v^^) or (— + dyV^^). Note that 
in the calculations of electromagnetic masses of pseudoscalar mesons, the vector meson fields( p, a; 
and (j)) and axial-vector meson fields (ai and i^i(1400)) in the above lagrangians must be abstracted 
into propagators in the corresponding S-matrices. Therefore, from eqs.(ll)-(14) and SU(3) sym- 
metry limit, Viip = rrii^ = m^, it can be sure that is actually equivalent to in the calculations 
of electromagnetic masses of the mesons. Thus, the lagrangians contributing to electromagnetic 
masses of will vanish, then, 

(m|^o)£;M = 0, in the chiral SU{3) limit. (17) 

Likewise, it can also be sure that the lagrangian (11) and (12) are exactly equivalent to lagrangians 
(9) and (10) respectively under the limit of nip = m^^ = and nia = ■ Then, according to 
eqs.(7) and (8) we have 

{nij^±)EM = (wi^±)EM; in the chiral SU{3) limit. (18) 

Above arguments and conclusions can also be checked by manifest calculations which are stan- 
dard in quantum fields theory. Prom eqs.(9)-(14) and VMD, the electromagnetic masses of 7r±, K± 
and can be derived. To vr^, using the substitution eq.(5) and eqs.(9)(10), we get >C-y-y7r7r,>C-yp7r7r 
and C^TT-Ka- Then, the following S-matrices can be calculated 

St,{1) = (7r|r[z j d'^xiC^^T,T,{xi) + ^^y" d'^xid'^X2C^pn-K{xi)Cp^{x2) 
+^2 / d'^xid'^X2d'^XiCppT,^{xi)Cpy{x2)Cp^{xz)\\iT), 

SnC^) = / d'^Xid'^X2jCT,a^{xi)£^a-yix2) 
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+ ^6 J d'^Xid'^X2(fx3Cj,ap{xi)Cna'rix2)^p'r{x3) 

i'^ f 

+ ^6 / d'^Xid'^X2d'^X3d^X4C„ap{xi)CT,ap{x2)'Cp.y{x3)£p^{x4)]\TT), 

where Cp-y has been show in eq.(4). Noting eq.(8) indicates 

2 , 2i{SM) + SA2)) 

{m^±)EM = / I 91 \ : 

then we obtain 

Similarly, to -fC^ and K^, from eqs.(ll)-(14), we have 

1 rtiirn?, 2 'fnimj. 

^3k^k^ -mj)ik^ -ml) ^ 3A;2(A;2 -m2)(A:2 -m2)J ^ ^ 



'4/27 (2^)4^ 27r2^^ 52^2_^2^^ 

1 11 2 1 ,0 



A;2 — m2 3 fc2 — m2 3 /^2 



2 - 



(21) 



where D = A — e. Obviously, taking rup = = m^, and = mxi, the contribution of 
eq.(21) is zero, and eq.(20) is exactly eq.(19). Thus, eq.(18) holds, and Dashen's theorem(eq.(l)) 
is automatically obeyed in this theory. 

It should be emphasized here that unlike {m'^o)EM = 0, (m^o)_EM = is not only due to 
the chiral limit, but also due to the SU(3) symmetry limit for vector mesons. Similar conclusion 
has also been obtained by Donoghue and Perez in Ref.|6| in the framework of chiral perturbation 
theory. Therefore, when one investigates the violation of Dashen's theorem, the contributions due 
to mp 7^ rriuj 7^ m^p should be taken into account 0|. 

In the above, the calculations on EM-masses are up to the fourth order covariant derivatives 
in effective lagrangians |l^] . In the remainder of this Section, we find that the result of {m'^± — 
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fn^o)EM given by Das et al can be reproduced if the electromagnetic self-energy of pions 
receives the contributions only from the second order derivative terms. In this case, the interaction 
lagrangians Cpp-,^-,^ and Cp-j^a (eqs.(9)(10)) will be simplified as follows 

9 Jtt Jn9 

Thus, in the chiral limit, the electromagnetic self-energy of pions is 

{mU - mlo)EM = {mU)EM = J ^2^/ ^ + ,2(/_^2) ) (22) 

The Feynman integration in eq.(22) is finite. So it is straightforward to get the result of (m^± — 
fn^o)EM after performing this integration, which is 

,2 2n 3aem?n^ 2F^ .1 1 , ml 

{m^± - m^o)EM = a f2 I — 2 ~ ~Yr~2 2T ~ + ~2 2''"9—)] (23) 

svr/^ nip 9 [nT,^ — rrip) nip — nip ni^ 

2 

where aem = f^- Because we only consider the second order derivative terms in the lagrangian, 
the relation between nia and nip is = ^ + instead of eq.(27) in Ref.g. Thus, usmg eq. 
(15) we can get 



m^± - m^o)EM = —. 2 ^^°9— (24) 

47r mi — m^p m-^ 



When substituting the relation = 2m^, which can be derived from the Weinberg sum rules |17|, 
into eq.(24), we have 

(m^± - m^o)EM = — — Oiemm (25) 
zvr 

which is exactly the result obtained by Das et al and serves as the leading term of eq.(19). 



3 Generalization of Dashen's theorem to axial- vector meson sec- 
tor 

It is straightforward to extend the studies in the previous section to the axial-vector octet mesons. 
In the C/(3)_L X U{2>)r chiral fields theory of mesons, the lagrangians contributing to electromagnetic 
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of axial- vector mesons (ai and Ki) read 

Caapp = -^[pyata-'^-^plplia+^a-' + a-'^a+n], 
9 ^ 

Caap = jil-:^)d^pla+'^a--^pla+'^{d''a--j''d^a-n + h.c., 
-iS^p^f^d^a+d^n-) + h.c. 

- Y(p^ + + vDiKt^K^ + K^^Ktni 

^K-K-v = -gi^-^Wpl + d^vDR^K^^ 

-'-{pi + vDiKf'id^K^, - l%Kn + h.c, 
^K±K^v = '-Pi{pl + vl)K+K-^+'-(3M + vl)d^^K+K^^ 

+ '-HpI + v',)K+^d'K- - '-(3,{pI + vl)K+d'K^^ 

—f^^ipl + vl)d,Kt''d^K~ + h.c. 



Pi 



37 2c 27c 

27rV/ 9' fn' 



P5 



7 

27rV/ 

7 

37 2c 47c 

27rV.r^ 5^ A' 



/32 

/94 



From the above, it is found that due to the SU(3) symmetry the structure of these axial-veetor 
meson's lagrangians, eqs.(26)-(34), are similar to the pseudoscalar meson's (eqs.(9)-(14)). So it 
is possible to find out the EM-masses relations between ai's and Kis in the chiral SU(3) limit 
through similar analyses done in the previous section. Firstly, like the case of 7r°, there are no 
couplings to a? field in lagrangian eqs.(26)-(28), therefore 



Secondly, according to the previous section, we can take = pj^ in the calculations of EM-masses 
of Ki mesons in the chiral SU(3) limit. Then, from lagrangians of eqs.(32)-(34), we have 



Eqs.(35), (36) and (37) are just eq.(2). Then we conclude that the generalization of Dashen's 
theorem to axial-vector mesons is legitimate. 

Above conclusion can also be checked by manifest calculations like the case of pseudoscalar 
mesons in the previous section. For completeness, we provide these in follows. The calculations 
from lagrangians of eqs.(26)-(34) (together with VMD) to the desired EM-masses are somewhat 
lengthy, but the procedures here are clear without any obstructions, which is like the case of 
7r's(eq.(19). 

To ai mesons, the results are as follows. 



{mlo)EM = 0. 



(35) 



{m\o)EM = 0. (36) 

Finally, using = again, noting ttt-tt = rriK = in chiral limit and comparing iC^'s lagrangians 
(eqs.(29)-(31)) with ai's (eqs.(26)-(28)), we have 



{ml±)EM = {'m\±)EM- 



(37) 



{mlp)EM = 



(38) 



{ml±)EM = {ml±)EM{l) + {ml±)EM{'2) + (m^±)sM(3) 



(39) 



with 



(m^±)£;M(l) = ie 



2 7^(a| / d*xa^aP'\a) - (a| / d^xa>-^a\\a)gt''' 
{a\ J d'^xaJ^a^^^\a) 




(40) 
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ie^ r d^k 1 



{a\ J d^xdt'aila) J (2vr)4 - 2p ■ k k^{k^ - mj)^ 
:{{a\ J d'^xa^ai,\a)[4ml + (6^ + 2lrf^)k'^ + 27V • A: - ^^^^^ 
-\{hk^ - (6 - 7^)^ ■ kf] + (a| / d^xa^a||a)A;'*r [-(36^ -46 + 4) 



+D{h + j'f + 47^ - 667^ - 27^ - + - 2(1 - 7^)p . fc)^]}, (41) 



U2 _ j7^2^2 



t \ .ox -^e^ / d^k 1 

x{{a\ J d^xaia^\a){P[ - 3p2P ■ k + p^k^ f + 

{a\ I d'xaiai\a)k^k^[P,ml - Mh^^^I+M!!!]}. (42) 
where i=l,2, = and 



6=1- ^ 



9 9 ' 



To mesons, we have 

,2 \ /_2 



{mj^±)EM - {mj^o)EM = [("i^±)£m(1) - {m^o)EM{^)] + [{m^±)EM{'i) - ("1;^o)£;m)(2)] 

+[(m^±)EM(3) - (m|.o)£M(3)] 



with 



. 2 X nw 2 X . 2 7^(i^i|/^^^^ri^ri^i) - {K,\!d^xK^+K-^\K,)g^^ 
{m^.)EM{l) - (m^o)^M(l) = ^e {K,\ J d^xKt,Kr\K,) 

J {2tt)^^^'"' k^ ^hk'^{k'^-mj){k^-ml) 3k^{k^-mj)ik^-mlr 
«±)^m(2) - (m^o)^M(2) = ^^^|j^4,^.+^-^|^^^ / (trP-2p.fc 
x{(i^i| y d^xi^f+Ki" l^i)[4m|,, + (b' + 267')^' + 27'p • A; - ^^^^ 
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l-ibk"^ - (6 - 7^)^ • kf] + {Ki\ I d^xK+^K^jKi)ki'k''[-{3b'^ -46 + 4) 



+ Yr + - 667^ - 27^ - + ^-r^ibk' - 2(1 - Y)P ■ ky]} 



1 mlml 2 m^m? 



^3k^{k-^-mj){k^-ml)^ 3k'^{k'^-mj)ik'^-mly' ^ ' 

—ie^ f d^k 1 

«.)i.M(3) - {mlo)EM{3) = ^^;^j^i^^T;^7^y ^Hp-ky-mj, 

x{{Ki\ J d'^xK+^KriKM - ■ k + psk^y + 

(KA J d^.K-^K^^\K.)k^k^[P2ml, - - + ^3^^)- 



.1 m.?,m,^, 2 



and 
with 



hk^k-^ -mj){k'^ -ml) 3k'^{k'^ -mDik"^ -mlr 

("ixo)BM = (?TI^o)em(1) + (m^o)EM(2) + (m^o)BM(3) 



('m'T^o)EMi^) = ie- ^-n 

^ 4{K,\Jd^xKlKf\K,) 

(27r)4 >^k^ -mj 2,k^-ml 3 fc^ - ^ ' 

°2 r d^k 1 



/■ d'^k 

4{Ki\Jd^xKlKf\Ki)J (27r)4(p-A:)2-m|, 
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(46) 



(m^o)£;M(2) = 4^^^|j^4^^MO^o^|^^^y (2vr)4 fc^ - 2p • fc 
x{{K,\ I d'xKfKl\K,)[dml^ + (6^ + 267^)^^ + 27^^ • k - 
l-(6fc2 -(b- Y)p ■ kf] + {Ki\ [ d^xKl^Kl^\Ki)k^k'[-{3h'' -46 + 4) 

+Z?(6 + Yf + 47^ - 667^ - 27^ - + -^{hk^ - 2(1 - Y)v ■ kf]} 

xA-2[ ^- - ^- - ^- 12 C47) 

^fc2_^2 3jt2-m2 SP-m^J' 

2 \ /ON — ie^ f d^k 

[mj^o)EM[3) 



x{(A'i| / d'i:K°iJ<f\Ki}{p',-3l32P-k + l%ef + 
/c^ — TTip 3 /c^ — 3 /c^ — 

where = m'j^_^ . 

Taking nip = = m^, and = (chiral SU(3) limit), we immediately obtain 
(ma±)sAf(«) = {'m^^±)EM{i), {'mj^o)EM{i) =0, z = 1,2,3. 
Then the conclusion of eqs.(35)-(37) (eq.(2)) has been reconfirmed. 

4 Generalization of Dashen's theorem to vector meson sector 

Now let us consider the vector meson octet sector. According to Refs.[^, the lagrangians which 
contribute to the electromagnetic masses of and K*^ read 

Cppp = -Oyy^^p-^ --plp^id^p-^ -d^^p~n + h.c., (50) 

5 g 

Cpu^n = -^^e^''""'d^u;,ptdp7T- + h.c. (51) 

9 Jit 

Ck*+k*-vv = -^{pl + v^fK+K-- 



-K*+K*-v 



-(p^ + vDK+id.K-^' - d^'K-") + h.c, (53) 
9 ^ 

^K*±K±v = -^^e^^"fK;dpK-{\d,pl + \d,LO^ + ^dM + h.c. (54) 

TT g Jtc ^ ^ ^ 
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Eq.(51) and eq.(54) come from the abnormal part of the effective lagrangian CimI^o see Refs.[P, p^). 
Thus, similar to the above, we conclude without any doubt that and K*^ receive the same 
electromagnetic self-energies in the chiral SU(3) limit, 

{'rr?p±)EM = {'m\*±)EM (55) 

However, and K*^ can also obtain electromagnetic masses even in the chiral SU(3) limit, 
which is different from the case of neutral pseudoscalar and axial- vector mesons. The lagrangian 
contributing to the electromagnetic masses of K*^ is 

Ck*.k'^,, = Ck^+k'-.Ap'' ^ K*^ - (56) 
>Ck*o^*o, = Ck*^k*~Ap' -P\ K*^ - K*°(i^*°)}, (57) 
Ci,.OKO, = £x.±x±Jp° ^ -p^K*^ ^ K*\K*^),K^ ^ K\K^)]. (58) 

Note that in eq.(58), the combination of the neutral vector mesons is — -1-0;^ + V^cf)^ instead of 
—p^ + L0^ — V^ipfM emerging in eqs.(56)(57) and the lagrangians contributing to the electromagnetic 
masses of and K^. Therefore, even in the chiral SU(3) limit, the electromagnetic masses of 
K*^ is nonzero due to the contribution coming from eq.(58)(the contributions of eqs.(56) and (57) 
vanish in the limit of nip = = m^). 

To electromagnetic masses of p'^-mesons, the circumstances are more complicated. The contri- 
butions to (m^o ) E M from Cj m is 

jCpun = -^^e'^^'^^d^Loy^dpTr^ (59) 

9 Jit 

Distinguishing from the case of K*^, the direct p^-photon coupling which comes from VMD(eq.(4)) 
can bring both the tree and one-loop diagrams contributing to the electromagnetic masses of p^ in 
the chiral limit. Thus, (?71^o)_em is also nonzero. Furthermore, from the point of view of large- A^c 
expansion, the tree diagrams are 0{Nc) while the one-loop diagrams are 0(1) P, 18|. In general. 



we can not expect that (m^o)£;Af = {'m\,o)EM in the chiral SU(3) limit(only loop diagrams can 
contribute to (?7i|^*o)_EAf)- So the generalization of Dashen's theorem fails for vector meson octet. 



Similar result has also been found by Bijnens and Gosdzinsky [14|. 
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5 Summary and Discussions 



Employing U{3)l x U{3)r chiral fields theory of mesons and in the chiral SU(3) limit, we have 
obtained 

iTnl±)EM = {rn'^K±)EM, irnl±)EM = iml^±)EM, {m^p±)EM = imj^-±)EM, 

and the electromagnetic masses of vr'', K^, and vanish. Therefore, Dashen's theorem(eqs.(l) 
and (2)) holds for both pseudoscalar and axial- vector mesons in this effective fields theory. However, 
the effective lagrangian makes non-zero contributions to electromagnetic masses of and K*^ 
even in the chiral SU(3) limit, and VMD yields the direct coupling of p^ and photon(eq.(4)), which 
provides other contributions to the electromagnetic masses of p^. Generally, {m?o)EM {^'k*o)em- 
Therefore, the generalization of Dashen's theorem fails for vector-mesons. 

Dashen's theorem is valid only in the chiral SU(3) limit. The violation of this theorem beyond 
the lowest order has been investigated extensively |§, |3|, ^, 0, ^ , and a large violation has been 
revealed in Refs.[0, |3|, |^ ^. In particular, a rather large violation of eq.(2) has been obtained in 
Ref.0. 
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